Background It is unclear how mortality and causes of death vary between patients and surgical procedures and how occurrence of postoperative complications is associated with prognosis. This study describes long-term mortality rates and causes of death in a general surgical population. Furthermore, we explore the effect of postoperative complications on mortality. Methods A single-centre analysis of postoperative complications, with mortality as primary endpoint, was conducted in 4479 patients undergoing surgery. We applied univariate and multivariable regression models to analyse the effect of risk factors, including surgical risk and postoperative complications, on mortality. Causes of death were also explored. Results 75 patients (1.7 %) died within 30 days after surgery and 730 patients (16.3 %) died during a median followup of 6.3 years (IQR 5.8-6.8). Significant differences in long-term mortality were observed with worst outcome for patients undergoing high-risk vascular surgery (HR 1.5; 95 % CI 1.2-1.9). When looking at causes of death, high-risk surgery was associated with a twofold higher risk of cardiovascular death (HR 1.9; 95 % CI 1.2-3.1), whereas the intermediate-risk group had a higher risk of dying from cancer-related causes (HR 1.5; 95 % CI 1.1-2.0). Occurrence of complications-particularly of cardiovascular nature-was associated with worse survival (HR 1.9; 95 % CI 1.3-2.7). Conclusion High-risk vascular surgery and occurrence of postoperative complications are important predictors of late mortality. Further focus on these groups of patients can contribute to reduced morbidity. Improvement in quality of care should be aimed at preventing postoperative complications and thus a better outcome in a general surgical population.
Introduction
Each year, more than 230 million major surgical procedures are performed worldwide [1] . Risk of mortality after surgery differs greatly in patients and surgical procedures. Also, evidence increasingly suggests that patients experiencing postoperative complications have a reduced quality of life and life expectancy itself [2] [3] [4] . Khuri et al. demonstrated that this adverse effect of complications on late mortality is independent of patients' preoperative risk factors [2] . However, it is unknown if the causes of death are also effected. Recently, a large cohort study described important variations in postoperative mortality rates between European nations [5] . Both findings highlight room for improvement of perioperative care. In order to adequately inform patients of significant surgery risks, information on surgery-related complications and mortality is important.
The objective of our study is to describe long-term mortality rates and cause of death in a general surgical population. Furthermore, in addition to demographic and disease specific factors, we explored the effect of postoperative complications on long-term mortality.
Methods

Study sample
This study was performed in the Zuyderland medical centre, a medium-sized regional hospital in the Netherlands. This hospital contains a modern degree of automation and a reliable registration of the electronic medical record. A prospective database is used containing data on all surgical procedures performed [6] . The study complies with the Helsinki statement on research ethics, and the local medical ethical committee gave formal review and approval. Data were collected from patients who underwent elective or urgent non-cardiac surgery. We identified 5373 consecutive patients undergoing surgery from March 2005 to December 2006. Patients younger than 14 years old and patients undergoing surgical procedures under local infiltration were excluded. Because one of our primary endpoints was longterm survival, a patient's first operation within the enrollment period was considered the index operation, and survival was determined from that moment onward. However, when a patient needed repeated surgery during the same hospital stay, we included the need for a re-operation as a separate outcome measure. A total of 4479 patients were considered suitable for the final study population.
Baseline characteristics
Individual data on the patient's medical history were obtained by a surgeon or a surgical resident prior to surgery. Data collected included main diagnosis, history of cardiac, pulmonary or cerebrovascular disease, diabetes mellitus, hypertension, ASA classification [7] , any malignancy, as well as intoxications, use of medication, and patient's height and bodyweight. Information from the electronic medical record on baseline characteristics could be completed in 96 up to 100 %, except for information on smoking habits, which could be obtained in 75 % of patients.
Pathological cardiac history was defined as a condition involving coronary artery disease, heart failure, valvular heart disease, arrhythmias or cardiomyopathy. Pulmonary disease was defined as illness of the lungs or respiratory system, such as COPD, asthma, lung cancer, chronic infections or previous embolisms. A previous cerebral thrombosis, embolism or hemorrhage was noted as cerebrovascular disease. Table 1 shows the surgical procedures, classified according to the standardized Dutch classification system [8] . For the purpose of this study, we categorized the main surgical procedures into fifteen generally accepted groups, which were then distributed over three risk categories: low-, intermediate-and high-risk procedures [9] . In this general teaching hospital, trauma patients are physiologically stable and patients undergoing highly complex low-volume surgery are being treated in tertiary university hospitals. Information on whether the patient had surgery requiring hospitalization or day-case surgery was also collected. Finally, we documented the type of anaesthesia, divided into general and/or regional. Validation of the database using a random sampling audit procedure confirmed a high level of accuracy and completeness of data. All-cause mortality was the primary endpoint of this study. Secondary endpoints were postoperative complications within 30 days after surgery and cause of death. For the evaluation of outcome, a surgical resident followed patients during hospitalization and postoperative visits to the outpatient clinic up to 1 year. We gathered the following data: date of surgery, date of discharge, length of hospital stay, operating time, blood loss and postoperative complications. Complications were defined as any event deviating from a normal postoperative course within 30 days after surgery. We separately documented the following postoperative complications: wound infections, pneumonia, cardiovascular and cerebrovascular events, deep vein thrombosis and/or pulmonary embolisms, ICU-admission, readmission and need for complication surgery. A surgical resident as well as a member of the surgical staff independently scored complications. For an objective interpretation of outcome, we used the earlier proposed Clavien-Dindo classification system as guidance [10] . Complications were subsequently divided into 4 categories: no complication, a self-limiting complication (for example, a small wound dehiscence not needing specific treatment), a non-self-limiting complication (for example, the need for antibiotics in case of pneumonia or wound infection, a re-operation, or a CTguided drainage of an abscess) and a major complication, which involves complications with residual disability, including organ failure.
Information on long-term mortality and cause of death were obtained by inquiry of the national public register and Dutch Central Bureau of Statistics. Autopsy was not routinely performed, and the expected cause leading to health deterioration prior to death was considered the underlying cause of death, in parallel to the strategy used for the overall Dutch population. The causes of death were grouped according to the International Classification of Diseases, 10th Revision (ICD-10). For patients who lived abroad, last available follow-up information was used. For better understanding of surgical outcome, we compared our study population with a general age and gender matched Dutch population. Information about the general population was extracted from the Electronic Databank of Central Bureau of Statistics Netherlands [11] .
Statistical analysis
Categorical variables are presented as numbers and percentages. Continuous data are presented as mean ± standard deviation (SD) when normally distributed or as median values and corresponding 25 th and 75 th percentiles when data were skewed. We used Chi-square test for comparison of categorical variables and analysis of variance or Kruskal-Wallis test for continuous variables. Univariate and multivariable Cox regression models were used to evaluate association between surgical risk categories and mortality. Low-risk surgery was used as reference category in the regression analyses. To ensure we give a true estimate of mortality risk, we entered all potential confounders (age, gender, type of anaesthesia, ASA classification, diabetes, hypertension, pulmonary-, cardiac-or cerebrovascular disease, BMI, malignancy) in the multivariable regression models.
Kaplan-Meier survival curves were calculated for each type of surgical category. The predictive value of postoperative complications on cause-specific long-term mortality was assessed in 30-day survivors using Cox regression analysis.
Since it seems predictable that patients undergoing highrisk procedures are more at risk of experiencing postoperative complications and death, we performed an additional sensitivity analysis, excluding this high-risk surgery group.
Results are reported as hazard ratios (HR) with a 95 % confidence interval. Significance was set at a two-sided P value \0.05. Analysis was performed using SPSS software version 20.0.0.
Results
Patient population
4479 patients undergoing general surgery were included in this analysis. There were an equal percentage of men and women in the cohort and mean age was 55.0 ± 17.5 years. Table 2 shows clinical baseline and surgery-related characteristics of the study population. The majority of procedures (85.6 %) were performed under general anaesthesia. Most of the procedures (56.4 %) could be classified as lowrisk surgery according to the surgical risk classification system [9] . Intermediate-and high-risk surgery accounted for 38.4 and 5.2 %, respectively. Table 3 shows baseline characteristics according to the main surgical categories. As expected, demographics and proportion of comorbidities varied widely when categorized by different surgical procedures. Patients with trauma of the hip and major vascular patients were of higher age (76.1 ± 17.2 and 69.8 ± 10.7, respectively). In general, patients who underwent vascular surgery had the highest prevalence of comorbid diseases.
Postoperative complications
We evaluated the effect of different surgical categories on postoperative outcome (Table 4) . Complications occurred Table 2 ). Amputation of an ischemic limb and major vascular surgery was associated with highest risk of complications (50.0 and 48.5 %). As expected, non-self-limiting complications (32.8 %), major complications (4.7 %) and 30-day mortality (8.6 %) were more often seen in the high-risk group.
All-cause mortality
Overall 30-day mortality rate was 1. Figures 1 and 2 show Kaplan-Meier estimates of long-term survival among different surgical procedures and categories. In order to interpret the effect of surgery on long-term survival, Fig. 2 also shows the survival curve of the age and gender matched general Dutch population.
Late causes of death
When looking at the cause of late mortality, patients in the high-risk group, i.e., vascular patients, had a twofold higher risk of cardiovascular death (HR 1.9; 95 % CI 1.2-3.1) compared to low-risk patients (Table 5) . Patients in the intermediate group, i.e., the group consisting of most patients undergoing cancer surgery (28.6 %), had a higher risk of dying from a cancer-related cause (HR 1.5; 95 % CI 1.1-2.0).
Association between postoperative complications and mortality
We found a significant adverse effect between the presence of postoperative complications and long-term mortality (Table 6 ). Figure 3 shows a Kaplan-Meier estimate of 30-day survivors, calculated for different types of complications. This survival curve illustrates that survival in the patient group with self-limiting complications is already worse compared to those with no complications, whereas the prognosis in the two patient groups with nonself-limiting and major complications is considerably and increasingly worse. After exclusion of high-risk procedures, this association between complications and mortality still remained significant in low-and intermediate-surgical risk patients (HR 1.2; 95 % CI 1.1-1.5).
Discussion
Late mortality after surgery might be higher than expected (16 % at 6 years). The 30-day mortality of 1.7 % we found is much similar to the 1.9 % reported in a study performed in the Netherlands in 2010 [12] . Previous studies on outcome following surgery are scarce, mostly retrospective in design and based on administrative databases [12] [13] [14] . Lee et al. demonstrated that clinical chart review had a significantly better accuracy than a comparable administrative database model, probably due to undercoding of comorbidities in the latter [15] . Instead of focussing on demographic and disease specific factors only, we took variables such as postoperative complications into account, which have been reported to be of clinical importance [2, 3, 16, 17] . To our knowledge, this is the first prospective study to combine all these factors in order to analyse long-term outcome, including cause of late death. According to this study, special focus on two groups of patients is advised in order to improve postoperative care. As can be expected, the first group associated with an adverse outcome is the group of high-risk vascular patients. Although these were only 5 % of operated patients, they accounted for 27 % of 30-day mortality. The high incidence of postoperative death in this subpopulation is in accordance with previous literature [9, 12, 18] . Taking the surgical procedure itself into account when predicting risk of postoperative complications, rather than patients' comorbidity only, remains very important.
The second group highly and independently associated with late death has patients who experience postoperative complications. In this study, complications occurred in 21 % of patients, who were mostly of higher age and had more comorbidities. In order to better understand, the relationship between postoperative complications and reduced survival one might ask if a complication is the cause of this reduction, or a sign of a bigger pathological problem. In this study, we demonstrated that the relationship between complications and reduced survival remains valid even after adjusting for potential confounders. Moreover, after exclusion of high-risk surgery in a sensitivity analysis, this relationship still remains significant. Recent literature shows that frailty is associated with higher morbidity and mortality, independent of other risk factors in a surgical population. Preoperative recognition of this multidimensional vulnerability may be an adjunct in assessment of preoperative risk factors. Also, evidence has shown that the surgical procedure itself elicits a stress response, initiated by tissue injury [19] [20] [21] [22] . Surgical injury profoundly affects the innate and adaptive immune responses, leading to an increased susceptibility to complications [22] .
Cause-specific mortality analysis showed that the highrisk group had a twofold higher risk of dying from a cardiovascular cause. As expected, patients in the intermediate surgery group were more likely to die from a cancer-related cause. In order to appreciate these numbers, the Dutch registration for cause of death needs clarification. The certificate of death filled in by a medical practitioner is based on guidelines of the World Health Organization [23] . Only one cause can be coded as primary cause of death. Primary cause of death is the cause of the initial health deterioration leading to the end of life. For example, if a patient had surgery because of intestinal cancer and died due to postoperative myocardial infarction, cause of death would be cancer-related and the myocardial event noted as a secondary response to his underlying illness [24] . Reliability of cause-of-death coding in the Netherlands turns out to be high ([90 %) for major causes of death, such as cancer-and cardiovascular-related causes [24, 25] .
We recognize that our study has potential limitations. It is conducted in a single centre with a potential bias in referral pattern. However, at the time of enrolment, only patients needing total pelvic exenteration or patients with severe comorbidity were referred to tertiary centres. All other major abdominal surgery, such as liver, gastric, bowel, spleen, oesophagus and incisional hernia surgery, was performed in this regional hospital. Our data contain quite a large number of intermediate-and high-risk procedures and procedures with a long operation time.
Second, we only included patients who underwent surgery. There might have been high-risk patients screened for surgery, but denied because of the risk of potential adverse outcome. For patients with malignancy, type and stage of their disease is known to influence life expectancy. We entered the presence of a malignancy as a potential confounder in all multivariable models; however, we did not specifically assess severity of malignant disease in this general surgical population.
Finally, due to the observational character, this study is inherent to unmeasured confounding.
Surgical outcome is influenced by the patients' preoperative status, severity of disease or surgical procedure and quality of care [26] . In the Netherlands, a high-resource country, accessibility and quality of care are considered equal for all inhabitants. Also, the wide implementation of modern perioperative programmes such as fast-track surgery or goal-directed therapy seems to contribute to a reduced postoperative morbidity. [27, 28] .
In conclusion, high-risk vascular surgery and the occurrence of postoperative complications are important prognostic factors of late mortality. Further focus on these groups of patients can contribute to a reduced postoperative morbidity. Improvement in quality of surgical care should 
